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1. Introduction 
Once map generalization formed the core of the science and craft of cartography, nowadays it is in a rapid 
and profound transition. Maps are now everywhere, and everybody uses them and can also produce them at 
the push of a button (e.g. on their iPhone or on Google Maps). This situation is very different from the situa-
tion five, ten, or even fifteen years ago. Also, maps nowadays look different than they used to. Rather than 
the high quality, static paper maps that were revised only every several years (and hence frequently out of 
date), users are now used to almost ephemeral but up-to-date maps that are prevalent in web and mobile 
mapping applications, maps that are less beautiful from a cartographic point of view but pragmatic and fit-
for-use (at least, so users may think since they don’t know alternatives). 
 
In this extended abstract, I will try to do two things. On the one hand, I would like to give a brief overview of 
recent work in our group at UZH related to this symposium. On the other hand, since I understand this ex-
tended abstract also as a position paper and opinion piece, I will try to state several propositions, which I 
hope will stimulate some discussion at the symposium. My key argument is that the research community in 
map generalization and data integration, as small and dispersed as it is, has to somehow cope with the pro-
found changes that mapping practice has undergone in the last half decade, and that it would be silly to just 
stick to traditional priorities of research. We desperately have to re-think our priorities and our alliances – 
but I haven’t seen much of it yet in the community. Unfortunately, I can only try to pose questions about 
where this process should lead us, and I will provide only few answers, if any. But as I understand, that is the 
main purpose of this symposium: Helping each other to find the way into the future of research in map gen-
eralization and cartographic data integration. 
 
I want to make the following propositions: 
1. As we know, semantics is key in map generalization. However, most cartographic databases are still 
very much focused on low-level semantics (annotations of individual spatial objects), while the 
higher-order semantics required for meaningful generalization are still largely missing. 
2. We still haven’t quite solved the problems of generalizing paper maps, but mobile is now key, and I 
don’t see that we have found an answer to this. 
3. User generated content potentially has much to offer for generalization, but it can be potentially mis-
leading. We have to develop new practices of dealing with user generated content, which are differ-
ent from the practices known from authoritative or commercial data. 
4. While maps today are more prevalent than ever, cartography as a discipline and profession of map 
making is increasingly being marginalized. Others are developing the research agenda and are push-
ing it forward, including the research agenda in generalization. As a consequence, we must develop 
new links to new disciplines and communities. 
The list is of course incomplete and biased towards my own interests (but then again, this is a position pa-
per). In the following, I will try to illustrate the above propositions using examples of some of our current 
work.  
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2. The role of semantics 
My first proposition concerns the importance of semantics in spatial data integration and map generalization, 
and the inadequacy of current spatial databases to deliver the appropriate semantics. Current topographic 
databases by public agencies were largely conceived in the 1990s and are rich in geometric detail but rela-
tively poor in semantics. More modern database products by commercial vendors offer more semantic rich-
ness, particularly for point-of-interest data, but still largely at the level of rich attributes for individual objects 
or POIs. Map generalization, however, is chiefly about the preservation of pattern inherent in the phenomena 
that should be represented (Mackaness 2006). Hence, we need semantics at a higher level than the individual 
object level, in order to provide cues about the structure and pattern that are implicitly contained in the data. 
The necessity of knowing about the meaning of map objects was recognized early in the literature on map 
generalization. The steps of ‘structure recognition’ in the conceptual framework by Brassel and Weibel 
(1988) and ‘cartometric evaluation’ in the model by McMaster and Shea (1992) both aim at extracting pat-
terns and semantics from cartographic data. This process of making patterns and semantics that are implicitly 
contained in a database explicit was later very appropriately termed ‘data enrichment’ by Ruas and Plazanet 
(1996), as through this, the data is enriched to better serve the generalization process (or other tasks that rely 
on additional semantics). 
 
Besides proposals of conceptual models, several authors have worked on concrete pattern/structure recogni-
tion techniques. For instance, there has been substantial work on characterizing cartographic lines in order to 
associate them with meaningful generating processes, such as Buttenfield (1991), Plazanet (1995), Plazanet 
et al. (1998). Again, however, that work concentrated on segmenting and characterizing individual line fea-
tures. Only few authors have addressed the task of recognizing patterns that extend over multiple features 
and are thus on a more abstract and semantically higher level. Examples of the latter include the work by 
Heinzle et al. (2006) on the detection of patterns in road networks; Regnauld’s (2001) technique for building 
cluster detection in building typification; or the method for recognizing island structures by Steiniger et al. 
(2006). 
 
The above methods have in common that they are all either based on geometric algorithms or on statistical 
techniques. While they all work relatively well for the specific problem they were designed for, they have 
some limitations (Lüscher et al 2008): 1) They are not ‘interoperable’, i.e. it is difficult to adapt them to dif-
ferent problems; 2) they are hardly extensible, i.e. they have difficulty taking additional information into 
account; and 3) the results of algorithmic and statistical techniques are often difficult to interpret (particu-
larly if something goes wrong), since they are basically blackboxes. We have therefore started a PhD project 
with the aim of linking ontological modeling (which should improve on the above three weaknesses) with 
cartographic pattern recognition procedures. (This is, by the way, a commonly used approach in computer 
vision, but has not received attention in cartographic pattern recognition yet.) 
 
In a first study (Lüscher et al. 2008),  addressed the detection of different residential building types from 
large scale topographic databases. We used the example of OS MasterMap, the 1:1,250 topographic database 
product by Ordnance Survey, UK, to detect British house types (terrace, semi-detached, detached) that form 
typical structures for generalization, but are also meaningful in other domains, such as the real estate market. 
We showed how an ontology for the English terraced house can be built (as an exemplar of other residential 
house types) and how it can drive the detection of terraced houses in OS MasterMap data using a combina-
tion of geometric algorithms (for low-level geometric concepts such as ‘alignment’ or ‘connected set of 
houses’) and logical reasoning. Based on this example, it could also be shown that higher level concepts can 
be inferred in aggregation of lower-level concepts, hinting at the potential for reusability of concepts. 
 
In a second study (Lüscher et al. 2009), we extended the initial approach to ontology-driven inference in the 
presence of vagueness, acknowledging that the definition of many spatial concepts is inherently vague (e.g. 
what is the tolerable angle deviation for an alignment of houses?). In this second approach, Bayesian infer-
ence was used for inferring complex concepts from low-level concepts, rather than simple integration of sub-
concepts by weighted summation as in the first case. The approach was again validated in experiments using 
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large OS MasterMap datasets representing more than 200,000 buildings of four different English cities. We 
compared classification results obtained by ontology-driven Bayesian inference to results produced by tradi-
tional logical inference. Bayesian inference performed considerably better in comparison to the traditional 
ontology approach (see an example in Figure 1). Thus, it was demonstrated that Bayesian networks are a 
suitable method to integrate vague knowledge about conceptualizations in cartography and GIScience. 
 
 
Fig. 1. Typical errors produced by the simple ontology approach. Cyan: correctly classified terraced houses. Gray: 
correct other building types. Pink: false positives. Yellow: false negatives. OS MasterMap data Ordnance Survey © 
Crown Copyright. All rights reserved. (Source: Lüscher et al. 2009) 
 
The above two studies showed that ontology-driven spatial database enrichment is a promising means to 
provide better transparency, flexibility and reusability in comparison to purely algorithmic approaches. 
However, these studies were still restricted to concepts that are relatively well documented in the literature, 
and where the definition of an ontology is still relatively straight-forward. In an ongoing study (Lüscher and 
Weibel 2010) we have developed a workflow for the recognition of geographical concepts that are purely 
cognitively defined. The cognitive model of a ‘city center’ was elicited through an online survey. The cogni-
tive model was then used to derive referents of ‘city center’ from spatial data. POI data from two Ordnance 
survey databases (MasterMap Address Layer 2 and PointX) were used to derive the ‘city-centerness’, while 
OS MasterMap were used to detect residential house types (see above) and thus residential areas (which are 
seen as not belonging to the city center). In Lüscher and Weibel (2010) the workflow is demonstrated on the 
example of the City of Bristol (Figures 2 and 3). The study is still ongoing and has been extended to take into 
account different methods to determine the ‘city-centerness’. Also, comparative experiments have been con-
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ducted for ten different English cities with a population ranging from 100,000 to 1,000,000. Soon to be pub-
lished. Since conceptualizations are culturally dependent, the cognitive model strictly speaking only holds 
for the UK – but the methodology is applicable generally. 
 
 
Fig. 2. (a): City center areas derived from alternative sources. Red: Wikipedia #1. Yellow: Wikipedia #2. Green: Hull 
around ‘city centre bus stops’ from the bus map of Bristol City Centre. Blue: Bristol City Centre Action Plan. (b): Over-
lay of city center derived by algorithm (black line) and derived from alternative sources. Background mapping open-
streetmap.org licensed under a Creative Commons Attribution-Share Alike License. (From Lüscher & Weibel 2010) 
 
 
Fig. 3. Overlay of city center and georeferenced Flickr photos that have the tag ‘city centre’. Background mapping open-
streetmap.org licensed under a Creative Commons Attribution-Share Alike License. (From Lüscher & Weibel 2010) 
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3. Going mobile 
My second proposition deals with the fact that although we are not even finished yet with the problems aris-
ing in data integration and map generalization for traditional paper map production, for most users nowadays 
paper maps and related digital map products are no longer the state of the art. With the proliferation of 
smartphones on a big scale, mobile maps have become commonplace. However, I haven’t seen much work 
coming out of the cartography or GIScience community that would specifically deal with the problems of 
real-time generalization for personalized, egocentric maps typical of mobile systems and location-based 
services – at least not as much as one would hope to see. Some notable exceptions include the series of pub-
lications on hierarchical data structures for line generalization and area aggregation by van Oosterom (1992), 
van Oosterom and Schenkelaars (1995), and van Oosterom (2005); the operations for continuous, real-time 
generalization by Sester and Brenner (2004); the techniques for real-time point set generalization by 
Burghardt et al. (2004) and Edwardes et al. (2005) using hierarchical data structures and clustering, respec-
tively; the algorithm by Burghardt and Cecconi (2007) for building typication which can also be used for 
point data; the technique for real-time icon labeling by Harrie et al. (2004); the point displacement method 
that uses a deformable map space by Edwardes (2007); and the varioscale (focus+context) method by Harrie 
et al. (2002). 
 
The list could certainly be extended, but probably not by many references. In an ongoing study (Bereuter and 
Weibel 2010) we are implementing the key methods above and are trying to answer the following questions: 
1) Which algorithms have potential for real-time execution? 2) Is it possible to derive generalization strate-
gies from the map purpose? 3) How is the cartographic quality of the results evaluated by cartographers vs. 
lay users? 4) How useful and usable are the generated displays? 
 
Obviously, there are many more problems to be addressed in the domain of mobile map generation. Some of 
these are very technical in nature and are best dealt with by industry. Others, however, are very clearly prob-
lems of basic cartographic research, and should be addressed by academic research. It would be great to see 
more academic groups getting involved with generalization for mobile cartography. 
 
 
4. User-generated generalization? 
The starting point of my third proposition is the observation that the web is full of user generated content that 
has a spatial dimension and that could be usefully exploited for spatial applications, including spatial data 
integration and map generalization. In fact, a look through recent conference proceedings and journal issues 
in GIScience reveals that the exploitation of user generated geographic content (or ‘volunteered geographic 
information’, as some people prefer to call it) is a booming research area. To give but one example, user 
generated content can be used to extract concepts of vernacular geography, such as vernacular placenames. 
Jones et al. (2008) present a methodology to delineate regions places such as the Scottish Highlands or the 
British Midlands using knowledge harvested from web pages. Hollenstein and Purves (2010) show the use of 
georeferenced Flickr images to delineate ‘city centers’ (cf. Fig. 3 for a similar use of Flickr images). The 
problem with many of these Web 2.0 sources is that the content may be biased by the views of individual 
users. For instance, in Flickr often only few users contribute most of the pictures about a certain place, while 
most users contribute only few pictures (Hollenstein 2009). User generated content also requires different 
models of trust than the certified data delivered by public sector agencies or commercial vendors (Kessler et 
al. 2009). Finally, user generated content may also be incomplete or unequally distributed (Pasley et al. 
2008). 
 
I a recently started PhD project, the aim is to exploit Web 2.0 sources to harvest domain-specific knowledge 
and integrate it in an ad hoc fashion with conventional cartographic data to produce personalized location-
based services. On the example of tourism, tourism-related websites such as wikitravel.com, tripadvisor.com 
and lonelyplanet.com should be harvested to provide additional semantics and up-to-date tourism informa-
tion for the POI and cartographic data available in an LBS (Venkateswaran 2009). Studies in geographic 
information retrieval (GIR) and user contributed geographic content often assume web coverage to be ho-
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mogenous across geographic space, themes, and languages. However, this assumption first has to be tested, 
and studies such as the one by Pasley et al. (2008) have shown that geographic web coverage is rather un-
even. In an ongoing study (Venkateswaran 2010) experiments were performed to understand the geographic  
and linguistic coverage of web resources focusing on tourism-related themes in Switzerland. The goal of 
studying the web coverage is one of the preliminary steps in generating (geographic) information from the 
web that can be used as valid information. An idea on how well certain areas are geographically covered by 
information available on the web, their frequency and patterns that emerge from this data collection help in 
the decision of preselecting web data for further investigation. The key questions driving this research are: 1) 
What is the geographic distribution of web coverage for tourism-related themes? 2) How does language 
affect web coverage? 3) Are there differences in web coverage in relation to different gazetteers? 
 
In the study the number of hits given by the Yahoo! Search BOSS API were counted for the places along 
with phrases in the four languages. The search keywords used were 'Place_name Schweiz tourismus', 
'Place_name Switzerland tourism', 'Place_name Suisse tourisme' and 'Place_name Svizzera turismo' to rep-
resent the four key languages of tourism in Switzerland. Three toponym databases (gazetteers) were used to 
extract names of populated places in the tests: SwissNames by the Swiss NMA Swisstopo (containing the 
toponyms appearing on the Swisstopo maps); Tele Atlas POI; and GeoNames.org. Results show that there 
are marked differences in the geographic coverage of web pages in different languages and that the three 
gazetteers have different predictor quality of tourism related places in Switzerland. 
 
 
5. Challenges for the cartography community 
Not so long ago, national mapping agencies have been the main driver of research in data integration and 
map generalization. In the 1990s and perhaps up to 2005, it was sufficient for academic researchers and 
commercial vendors to carefully listen to NMA representatives and try to meet their requirements. Fulfilling 
the specifications set forth by an NMA meant that a research or R&D project was successful, and NMAs 
were the source or knowledge and wisdom about map generalization. This has brought about the success of 
projects such as AGENT (http://agent.ign.fr) or WebPark (http://www.webparkservices.info), resulting in 
commercial software that included sophisticated generalization functionality. However, since then there have 
been dramatic changes to the scene in cartography and map production. The advent of Google Maps in 2005 
made a plethora of cartographic mashups possible (see e.g. http://googlemapsmania.blogspot.com ), put 
mapping functionality literally at everybody’s fingertips, and challenged the role of NMAs as map produc-
ers. Similarly, the start of the OpenStreetMap (http://www.openstreetmap.org) project challenged the role of 
NMAs as data producers. 
 
I should better not bite the hand that feeds me (USGS is paying for this symposium), but I believe it is highly 
questionable whether NMA are really still a good source of inspiration for generalization researchers. NMAs 
are no longer the only actors on the mapping scene, and they are probably no longer the key actors. What I’m 
saying about NMAs is equally true for the cartography and the GIScience community as a whole. Cartogra-
phers and GIScientists have lost their ‘tool monopoly’. Today’s systems capable of handling geographic data 
are increasingly light-weight and easy-to-use and hence no longer require years of study and training to op-
erate. As a consequence, non-cartographers, non-geographers and neo-geographers are driving much of the 
current (r)evolution of cartography and GIScience. The results of ‘neo-geography’ may not be as deep as we 
would like them to be, but they are certainly visible and often remarkably creative (often much more creative 
than much of what we can see at ICA conferences, for that matter). Some may deplore that the process that is 
leading us from oligarchy to democracy will be ending up in anarchy, but it is interesting to see how quickly 
the neo-geographers get an intuition for problems of map generalization. See, for instance, the website 
http://maps.forum.nu/server_side_clusterer/. The terminology is different (the term ‘generalization’ is not 
used), the methods used are relatively crude – but what we see there is nevertheless a procedure to generate 
different levels of detail on the fly, thus avoiding symbol clutter and overlap. 
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So, others are developing the research agenda and are pushing it forward independently from our small 
community, including the research agenda in generalization. I don’t believe it would be a sane strategy to 
simply ignore the current evolution and keep on doing the same things that we always did, sticking to our 
own circles. On the contrary, we must develop new links to new disciplines and communities. We have 
something to offer, but they have something to offer too. With whom we should team up in the future, and 
what the important challenges and trends are, that should be a key point of discussion at this symposium, so I 
believe. And, while we are at it, we might as well ask ourselves whether generalization is still necessary, or 
whether it might be superseded by alternative processes. 
 
 
6. Conclusions 
I have stated four propositions that I believe to address four central problem areas of current research in map 
generalization: high-level semantics, mobile cartography, user generated content, and the marginalization of 
the cartographic community. In discussing these propositions, I have also tried to illustrate some of the cur-
rent work in the group at the University of Zurich that may be of relevance to this symposium. My main 
concern for the future is that we as cartographic community may be focusing on the wrong problems and be 
working with the wrong people. My main hope (and trust) is that we will be able to build new links to new 
researchers and communities who will work with us to solve even more exciting problems than the ones we 
are dealing with now. 
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